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becaborane  and  certain  of  its  derivatives  reacted  with 


acetylenic  compounds  in  the  presence  of  Lewis  bases  to  produce 
menbers  of  a  new  class  of  organoboranes.  The  parent  compound 
11, 12«dicarbadodecaborane  (12)  has  the  formula  Bj^qC2Hi2 
various  c  and  B  substituted  derivatives  are  reported.  Unlike 
other  higher  boranes,  this  nucleus  is  quite  impervious  to 
attack  by  eompounds  containing  active  hydrogen  nor  does  it 
attack  reducible  groups  such  as  carbonyl  or  nitrile. 
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IntgOjaiiGtlon 

reactions  Of  decaborane  With  a  variety  Of  compounds 

Of  Lewis  base  classification  have  been  described «  One  type 

_  -  2  -  - 

of  product  from  such  reactions  is  the  simple  adduct  while  a 

second  type  is  typified  by  the  compounds  bis(diethylsulfide 
decaborane  and  bis(chlorodlphenylphosphine)dec^orane  ,  which 
are  formed  with  the  accompanying  elimination  of  a  molecule  of 
hydrogen . 


(2)  a.  A.  stock  and  e.  pohland,  seri,  b2B ^  90  (1929); 

bi  w.  H«  Hill  and  s.  Johnson,  Anal,  chem.,  27.  1300 
(1955);  c.  s.  Ji  Fitch  and  A.  w.  Laubengayer,  J.  Am.  chem. 
SOG.,  Mf  3546  (1956). 

(3)  B.  M.  Graybill,  J.  K.  Ruff  and  m.  f.  Hawthorne,  J.  Am, 
Chem.  soc.  83.  26$9  (1961) . 

(4)  H.  A.  schroeder,  J,  R.  Reiner  and  T.  L.  Heying,  xnorg. 
chem.  i,  618  (1962). 


The  reaction  products  from  pentaborane  and  various  Lewis 
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bases  have  been  studied  and  recently,  members  of  a  novel  series 


(5)  A,  B,  Burg,  J,  Am.  Chem.  Spc.  29,  2129  (1957), 


of  organoboranes  of  the  general  empirical  formula  9||^2^n-l'2 
have  been  prepared  by  the  reaction  of  pent^orane  with  acetylene^ 


(6)  R.  E.  Williams,  c,  D.  Good  and  I.  Shapiro,  140th  A.c.s, 
Meeting,  Chicago,  Illinois,  septenSaer  1961. 
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GOnslderaUlQn  of  t^ese  latter  reacitiOns  along  with  the 
preparation  and  structure  advanced  for  the  anion  and 
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(7)  Ai  Ri  Pltochelli  and  F.  Hawthorne*  J»  Anii  Ghemi  $Oc., 
|2>  3228  (IMO). 

(8)  Ji  ki  WUnderllGh  and  LlpscOffih >  Ji  Anii  Chemi  SOC^* 

Hi  4427  (1960). 


prompted  Interest  in  the  reactions  Of  decahorane  and  Its  various 
derivatives  with  acetylenic  compounds. 

-  9  _ 

LOnguet-Higgins  and  Roberts  had  demonstrated  that  the 


(9)  H.  c.  LOnfuet-Higgins  and  m.  dev.  Roberts*  proc.  Roy. 
SOC.  A230 .  110«119*  (1951). 
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icosahedral  structure  as  proposed  for  the  8j^2^i2  requires 

26  bonding  electrons,  the  decaborans  nucleus  itself  can 

contribute  24  such  electrons  and  in  the  case  in  point*  the 

twenty^fifth  and  twenty^slxth  electrons  are  those  present 

because  of  double  nefatlve  charge  of  the  anion.  A  neutral 

^12^12  species*  therefore*  is  precluded  by  these  considerations. 

It  was  postulated  that  if  decaborane  could  react  with  acetylene* 

-2 

a  stable  entity  similar  to  stight  form  since  the  triple 

bond  of  acetylene  could  supply  those  electrons  necessary  for  an 
icosahedral  molecule.  The  icosahedral  carborane  structure  which 
should  arise  from  such  a  reaction  was  specifically  predicted  by 
Hoffman  and  Lipsconb^^. 


(lO)  R,  Hoffman  and  W.  H.  Lipscomb,  J.  Chem.  Phys.,  36,  3489  (1962). 


Dlacussion 

The  ]^eachl6hs  o£  deGahorane  and  suitable  derivatives  with 
aGetyienlG  compouRds  were  Investigated  emplpying  a  variety  of 
conditions.  The  fomatlon  of  a  new  entity  was  first  observed 
from  the  reaGtlons  of  bis(aGetonltriie)deGabOrane  with  aGetylene 
In  refluxing  benzene.  Hydrofen  was  evolved  and  a  material 
was  isolated  whioh  GhemiGal  analyois  showed  to  have  the  ^pirieal 
fomula  bioG2H]^2*  '^hls  formula  was  Gorroborated  by  mass  speGtral 
analysis.  The  more  detailed  eluGidation  of  the  strueture  of 
this  new  organoborane  will  be  the  si^jeot  of  a  later  paper 


Tiie  yields  of  carborane  were  not  good  in  the  initial 
experiments  >  and  during  work  toward  improving  thenii  it  was 
found  that  use  of  the  isolated  nitrile  or  amide  derivatives 
of  deeaborane  was  unneGessary  since  deGaborane  would  reaot 
direotly  with  aGetylene  in  the  presenGe  of  the  nitrile  or  amide « 
lliusj  reaGtions  1  and  H  were  essentially  combined  as  in  reaGtloil 
3. 

®10®14  ^  ^3^^  ®10®12  +  ^2 


B^0Hi2(CH2CN)2  +  HG^  ~ 


H-C«G“H+H«+2  GH^GN  (2) 
®10  ®10 


2  GHaGN 


h0»14  G.H 


6”6 


»  H-‘C«G-H^2Hj 
10  ®10 


(3) 


A  study  of  reaGtlon  3  was  made  by  Sampling  at  Various 
time  intervals  and  analyaing  these  samples  mass  speGtrometriGally* 

By  plotting  the  conGentrations  of  deGaborane>  aGetonitrile 
(2  moles  per  mole  of  deoaborane)  and  oarborane  versus  tiine>  it 
was  readily  seen  that  the  nitrile  was  not  required  in  stoiGhiometrie 
amovuits.  fo  substantiate  this,  the  quantity  of  acetonitrile 
used  was  decreased  and  it  was  found  that  reaction  ratn  increased 
and  the  yield  of  earborane  was  greater  when  only  one  mole 
equivalent  of  nitrile  was  used.  Reaction  would  proceed  even 
When  only  0,1  mole  equivalent  of  acetonitrile  was  used  and  it 
was  subsequently  found  that  it  was  often  advantageous  to  use 
approximately  0,9  mole  acetonitrile  per  mole  of  dec^orane. 

In  the  initial  stages  of  the  investigation  benzene  was 
used  as  solvent  but,  having  determined  that  the  desired  reaction 
was  catalyzed  by  the  presence  of  organic  bases,  it  was  postulated 
that  the  same  effect  could  be  obtained  by  merely  using  a  solvent 
which  itself  is  a  mild  bewis  base.  This  proved  to  be  the  case 
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as  good  yields  of  many  oarbOifanes  were  Obtained  by  reacting 
deGaborane  witb  an  aGetylenic  compound  in  tetrabydrofuran, 
diethyl  ether  or  diethyl  sulfide^  In  addition,  it  was  found 
that  diethyl  sulfide  could  be  used  advantageously  in  place  of 
acetonitrile  in  the  reactions  initially  deacribedi 

Of  the  solvents  screened  for  use  for  the  preparation  of 
carboranes  it  was  found  that  benzene,  dialkyl  ethers  and  dialkyl 
sulfides  were  the  most  usieful^  it  was  also  found  that  the 
reaction  does  not  proceed  at  a  reasonable  rate  below  70°c,  and, 
therefore  it  is  necessary  to  use  an  autoclave  when  employing 
the  low  boiling  solvents  such  as  diethyl  ether. 

ihe  solid  products  are  white  and  crystalline  while  the 
liquids  are  clear  and  of  rather  high  refractive  index,  i^e 
materiali  are  quite  stable  at  elevated  temperatures  and  the 
carborane  nucleus  is  inert  to  air,  moisture  and  aqueous  acids 
and  alkalis,  in  fact,  several  compounds  have  been  distilled 
from  concentrated  sulfuric  aCid  without  change,  this  behavior 
is  in  marked  contrast  to  decaborane  which  is  rather  readily 
hydrolyzed  and  oxidized. 

In  addition  to  carborane  itself,  many  c«aikyl  and  c=alkenyl 
derivatives  were  prepared  by  using  the  appropriate,  substituted 
acetylene.  Some  synanetriCal  acetylenes  Such  as  2»butyne  or 
3-:hexyne  would  not  react  although  unsyiranetrleal  substituted 
aGetylenes  usually  gave  high  yields  of  the  corresponding 
carboranes.  A  suimnary  showing  the  carboranyl  hydrocarbons 
prepared  by  direct  reaction  of  an  acetylene  with  decaborane 
is  given  in  Table  I, 
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Ti^le  1 


Carbpranyl  Hydrocarbons  Made  by  Direct  Synthesis 


R  G  • 


i  ‘h  I 


-  R* 


R  _ 

R* 

R"  „ 

M.P. .®G^*^ 

Yield. ^ 

B.P. i®G 

I 

H 

H 

H 

320 

65-77 

=— 

11 

-CH3 

H 

H 

lU^^S 

— = 

III 

-GH-GHj 

H 

H 

78-79 

65-70 

IV 

CH3 

-G=eH2 

H 

H 

45-46 

70 

V 

n^GgM, 

H 

H 

62 

VI 

H 

H 

75/0*01 

vll 

-(GB2)2^(eK3)2 

H 

H 

33 

23 

Viii 

H 

H 

66-67 

27 

lx 

H 

H 

— 

101-2/0. 

X 

-(CH,),«C»CH 
^  'BioHio 

H 

H 

355’‘>357 

xl 

H 

H 

-C2H5 

77 

-(b) 

(a)  Melting  points  were  achieved  on  a  Flsher'oJohnB  apparatus 
and  are  uncorrected. 

(b)  Consult  i^perijnental. 


3  4 

Some  products  derived  fr<»i  boron  substituted  deoaboranes  - 
are  also  Included* 


(13)  Ri  L.  Willies,  I.  Dunstan  and  K.  Ji  Blay,  J.  Cheiti.  Soe., 
1960.  5006 . 

(14)  Ibid.,  5012. 


This  reaction  of  decaborane  also  occurred  with  many 
functionally  substituted  acetylenic  compounds  but,  compovuids 
such  as  propargyl  alcohol  or  acetylenedlcarboxyilG  acid 
preferentially  led  to  the  destruction  of  the  borane  structure 
rather  than  producing  the  desired  carborane^  Table  li  lists 
the  preparations  of  those  substituted  carboranes  which  were 
achieved  by  the  direct  reaction  of  decaborane  with  the  correspond 
ing  substituted  acetylene ^ 


Table  II 

Functionally  Bubstituted  carboranes  prepared 
By  Direct  Synthesis 


R  ^ 


11 


10 


K 


R* 


R 

R' 

Yleld.% 

M.P. ,®C 

B.P. ,®C 

XXI 

•*CH2Br 

H 

70 

30 

XIII 

-GOOCHj 

H 

35 

73 

XIV 

*CH2C1 

-OH2OI 

74 

119*120 

XV 

-CHjOqCCHg 

H 

83 

42*43 

82*84/0,2  mm 

XVI 

Br 

66 

44*45 

107/1 

XVII 

-nC^Hg 

Br  (2) 

37 

85*90/0,5 

XVIII 

»(CH2)2<^CH3 

H 

72 

61*63 

146/1,6 

XIX 

^CH  (0000113)013 

H  (1) 

66 

85*95/0,2 

XX 

-CH2N (02X5)2 

H  (3) 

(4) 

33*35 

:^i 

*eH20000H3*' 

89 

43*44 

0H2000O13 

XXII 

«OOOOH3 

OOOOH3 

54 

66*67 

(1)  nD~^«  1.5291 

(3)  Hydrochlorids  m.p.  >  300^0 

(2)  nD''^»  1,5500  (4)  >  50%,  but  not  all  was  recovered 
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T¥ie  reaction  was  extended  to  the  diacetylenic  cOinpound 
diethyl  dlpropargylcarbonate,  and  the  corresponding  dicarboranyi 
derivative  (m.p.  199‘^2d2°G)  was  aehleved  in  55  percent  yield 
aGCording  to  reaction  4. 


2  +  (HesC»GH2)2C(COOG2H5)2 


4  H2  + 


(4) 


(H  “  S  •  g  -GH2)2G(GOOG2Hg)2 


®10  ®10 


Reagents:  Unless  specified  to  the  contrary >  reagents  were 
used  as  received  from  various  conunercial  sources »  becaborane 
was  from  the  dim  Mathieson  Ghemicai  corporation » 

Analysis:  me  elementai  analysis  of  the  carboranes  by  standard 
techniques  semetimes  produced  results  whidh  were  not  quite 
aCGept^ie.  Boron  analyses  (Parr  Bon^  method)  were  usually 
1^2  percent  lower  than  theoretical  and  this  was  found  to  be 
due  to  boron  carbide  formation,  carbon  analyses  were  sometimes 
1<«'2  percent  hlgber  than  theoretical  but,  the  cause  of  this  has 
not  been  ascertained.  By  employing  cumbersome  techniques, 
accurate  analyses  could  be  obtained  and  are  herein  reported 
for  fundamental  compounds  for  which  they  were  obtalned^^.  it  was 


(15)  Recently  a  new  elemental  analytical  procedure  has  been 
reported  which  has  proven  very  satisfactory  for  such 
compounds;  R.  G.  Rlttner  and  R.  Culmo,  Anal.  Chesn.  in  press. 


found  that  mass  spectrometric  analysis  of  the  reaction  mixtures 
and  products  coupled  with  infrared  analysis  afforded  an  accurate 
means  of  identifying  the  carboranes  and  of  establishing  any 
impurities  which  were  present.  The  roethod(8)  of  analysis  in  each 
instance  is  noted. 


Carborane  I .  In  a  typical  reaetion,  a  1-liter,  three-necked 
flask  is  equipped  with  an  efficient  paddle  stirrer,  inlet  tube 
reaching  as  near  to  the  bottom  of  the  flask  as  possible  and  an 
adapter  for  installing  a  second  gas  inlet  and  a  water-cooled 
GOndenser.  An  acetylene  source  is  connected  to  a  purification 
train  consisting  of  first  a  tower  containing  granular  alumina, 
next  a  scrubber  of  concentrated  sulfuric  acid,  then  a  tower  of 
solid  sodium  hydroxide  and  finally  the  line  is  split  to  be 
attached  in  parallel  to  the  two  gas  inlet  tubes  of  the  reaction 
vessel.  In  the  flask  a  solution  of  200  g.  decaborane  in  225  ml. 
di-n-propyi  ether  and  225  mi^  diethyl  sulfide  is  prepared,  fhe 
flask  and  contents  are  heated  at  40  ±  5°c  for  at  least  12  hours 
and  then  heated  to  90  ±  s^c,  at  which  temperature  acetylene  1$ 
admitted  at  a  rapid  rate  for  24  hours.  The  mixture  is  cooled 
and  the  volatile  materials  are  removed  under  reduced  pressure. 

The  solvents  may  be  collected  and  re-used  in  succeeding  preparations. 
The  residue  is  dissolved  by  adding  individually  three  250-ml. 
portions  of  methanol  and  each  portion  is  quickly  poured  into 
a  3-liter,  three-necked  flask  equipped  with  a  magnetic  stirrer, 
water  cooled  condenser  and  an  addition  funnel.  Provisions  for 
cooling  as  needed  are  made.  The  mixture  is  stirred  until  the 
Vigorous  reaction  has  subsided  (about  10  minutes)  and  cooling 
may  be  necessary.  200  ml.  of  concentrated  hydrochlOFlc  acid 
is  slowly  added,  with  cooling  to  control  the  reaction,  and  the 
mixture  allowed  to  stir  for  30  minutes.  Next,  100  ml.  of 
acetone  is  added.  A  very  vigorous  reaction  occurs  initially 
but  svdDsides  after  about  20  ml.  has  been  added.  The  resulting 
mixture  is  allowed  to  stir  overnight. 

The  mixture  is  poured  into  approximately  16  liters  of 
water  (80-85 °C)  and  after  30  minutes  the  yellow  precipitate 
which  has  accumulated  on  the  surface  is  removed  and  allowed 
to  drain.  The  wet  solid  is  next  dissolved  in  800  ml,  methanol 
and  a  solution  of  40  g,  Qf  sodium  hydroxide,  dissolved  in  a 
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minimum  amount  Of  water.  Is  added  wltn  vigorous  Stirring.  This 
solution  Is  gulckly  poured  Into  3  liters  of  cold  water,  and 
the  resulting  precipitate  is  removed  by  £lltratlon>  washed 
With  cold  water  and  allowed  to  air-dry  for  24  hours. 

The  product  Is  ground  to  a  powder  and  mixed  with  an  equal 
amount  of  anhydrous  calcium  chloride  and  placed  in  a  large 
soxhlet  thimble  for  extraction  with  a  liter  Of  pentane  for  24 
hours.  The  pure  white  product  crystallizes  m  the  pentane 
extract,  when  the  extraction  is  complete >  the  pentane  may  be 
decanted  and  used  In  succeeding  preparations  or  evaporated  to 
completely  recover  the  product.  By  this  procedure  153-180  g. 
of  pure  white  carborane  (65-77  percent  yield)  is  obtained. 

Anal.:  calc'd.  for  ®io^2”l2*  75.0;  G*  I6i7;  H*  8.3 

Found:  %B,  74.9;  G,  16.9;  H,  8.4,  8.1 

Through  many  experiments  it  has  been  found  that  carborane 
can  be  obtained  in  highest  yield  and  purity  suitable  for  any 
synthesis  purpose  by  utilizing  the  method  described.  Bmaller 
quantities  may  be  purified  by  vacuum  sublimation  after  the 
treatment  with  hydrochloric  acid  in  methanol  and  acetone, 
other  less  Cumbersome  modes  of  purification  have  resulted  in 
poorer  recovery  and  the  product  contained  Impurities  which 
Interfered  with  some  subsequent  reactions. 

Methvlearborane  II.  A  solution  of  2.0  g.  decaborane  (0.016  mole) 
In  30  ml.  of  tetrahydrofuran  was  sealed  In  a  250-ml.  autoclave. 
Without  stirring,  the  autoclave  was  filled  to  50  psig.  with 
methylacetylene.  Stirring  was  begun  and  the  mixture  was  heated 
at  12S°e  for  5  hours.  After  cooling,  the  resulting  solution 
was  analyzed  mass  spectrometrlcally  to  show  that  it  contained 
0.7  percent  unreacted  decaborane  and  4.4  percent  of  methyl^ 
carborane.  The  solvent  was  removed  under  reduced  pressure  and 
the  residue  (2.2  g.)  was  sublimed  to  give  a  product  containing 
12  percent  decaborane  and  88  percent  methylcarborane.  This 
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tnal^erial  was  dissolved  in  pentafte  and  the  solution  was  treated 
With  trlmethylamlne  to  preolpitate  the  decahOrane  as  its  adduOt 
which  was  removed.  Evaporation  of  the  pentane  are  pure  methyl- 
Garhorane  as  evidenGed  by  its  mass  and  infrared  spectra. 

vinvlcarbGrane^ i i i .  In  a  typical  experiment  a  5-iiter>  3-necked 
flask  is  equipped  with  a  500  ml.  fraduated,  dropping  funnel, 
a  nitrogen  inlet  tube  and  a  straight  bore>  water  condenser 
topped  by  a  dry  ice  Gondenser  which  is  vented  through  a  Nujol- 
filled  trap.  Agitation  is  aGhleved  via  a  magnetic  stirrer  and 
the  reactor  is  warmed  by  use  of  a  suitable  heating  mantle, 
pecaborane  (454  g.)  ethyl  sulfide  (360  ml.  or  0.9  mole/moie 
decaborane)  and  toluene  12700  ml.)  are  mixed  thoroughly  in  the 
reactor  and  allowed  to  stand  overnight  under  nitrogen.  This 
mixture  is  then  heated  with  stirring  to  (80-90^0)  for  one  hour 
and  the  temperature  is  adjusted  to  85 °e  whereupon  450  ml.  of  a 
cold  solution  of  vinyiacetylene  m  xylene  (i>l  by  weight)  is 
added  dropwlse.  The  addition  usually  requires  1.5-2  hours  to 
maintain  the  reaction  temperature  between  90  and  100^0.  After 
the  addition  is  complete,  reflux  is  maintained  for  1.5-2  hours 
and  the  mixture  is  allowed  to  cool  and  stand  overnight.  The 
apparatus  is  then  arranged  So  that  the  bulk  of  the  solvent  may 
be  evaporated  with  the  aid  of  a  water  aspirator  and  this  is 
eontlnued  until  the  volume  becomes  less  than  one  liter.  The 
solvents  may  be  recovered  and  re-used.  The  remainder  is  trans¬ 
ferred  to  a  l-liter  flask  fitted  with  a  Claisen  head  to  which 
is  attached  a  series  of  detachable  glass  bulbs  in  which  the 
product  condenses  and  is  collected.  The  mixture  is  distilled 
at  0. 5-1.0  imn.  of  mercury  until  the  flask  temperature  reaches 
135-140®e.  Vinylcarborane  distills  at  75«8P®C  at  0.5  mm.  mercury. 
Yields  of  65-70  percent  of  theoretical  are  obtained.  The  product 
as  recovered  is  suitable  for  many  synthesis  purposes  but,  can 
be  further  purlficct  as  follows.  The  solid  is  dissolved  in 
methanol  and  distilled  water  is  added  until,  with  gentle  warming, 
solution  is  maintained.  The  solution  is  then  cooled  to  0°C  and 


the  preGipitated  product  is  removed^  If  the  filttate  is 
treated  with  additional  water  and  the  coolingf  repeated^ 
essentially  quantitative  recovery  of  the  product  is  aGhieved. 
Vinylearhorane  treated  in  this  manner  melts  at  78-»79®G. 

IsOprOnenvl  Carhorane  IV. 

hi  A  solution  Of  10  g.  deGaborane,  60  ml^  ether ^  4  ml. 
diethyl  sulfide  and  6.5  g.  isopropenylacetylene  was  allowed 

to  react  in  an  autoclave  at  95 “c  for  17  hours.  The  maximum 
pressure  developed  was  255  psig.  After  removal/  the  ether  was 
distilled  off  and  the  residue  was  distilled  at  lOo®c/1.0  mm. 

The  distillate  (11. 5  g. ,  68  percent)  crystallized  and  melted  at 
35^40®c  and  was  found  by  mass  speGtrometrie  analysis  to  contain 
98.5  mole  percent  isopropenylcarborane  and  1.5  mole  percent 
unreacted  deGaborane.  Recrystallization  of  a  small  portion 
gave  a  white  waxy  solid  melting  at  45 ®C. 

i.  A  solution  of  10  g.  decaborane>  60  ml.  di^n^butyl 
ether  and  4  ml.  diethyl  sulfide  was  allowed  to  stand  overnight* 

It  was  next  heated  to  boiling  and  10  g.  isopropenyl  acetylene 
was  added  as  fast  as  possible,  but  without  causing  excessive 
loss  through  its  vaporization.  After  the  addition  is  complete, 
it  was  allowed  to  reflux  for  one  hour  and  copied  to  room  temper* 
ature,  after  which  trimethylamine  was  passed  through  until  no 
more  precipitate  formed.  The  mixture  was  filtered  and  the  isp* 
propenylcarborane  was  Isolated  as  in  method  A.  Yields  of  about 
70  percent  were  achieved  by  this  procedure. 

Alkylcarboxanes .  Table  I  lists  n*butylcarborane  (VI), 
n*propylcarborane  (V),  n*hexylcarborane  (IX)  and  1, 3*dicarboranyl 
propane  (X).  The  following  general  procedure  illustrates  the 
method  of  preparation. 


peeaborane,  acetonitrile  (0,9  moles/mole  decaborane), 
and  the  acetylenic  hydrocarbon  (10  percent  molar  excess)  are 
dissolved  in  benzene  and  refluxed  until  hydrogen  evolution 
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subsides,  oi:  the  pafoduetioh  of  the  Garborahe  oah  be  followed 
by  pefiOdiGally  exEimining  a  small  sample  Of  the  feaGtiOfi  mixture 
mass  speGtrOmetriGallyi  V^eh  the  reaGtiOh  is  complete,  the 
volatile  materials  are  removed  under  reduced  pressure.  The 
resulting  residue  is  dissolved  in  benzene  and  treated  with 
trimethyiamine  until  nO  more  preeipitate  forms.  The  mixture 
is  filtered,  and  the  solvent  and  the  carborane  isolated  by 
vacuum  distillation  (v,  vi)  or  by  crystallization  from  pentane 

(VII,  XIV). 

H  rMethvlbuty icarbArane— (vt 1 1 .  A  solution  of  3  g.  i=methyl=l= 
hexyne  and  5  g.  bis (acetonitrile) decaborane  in  50  ml.  benzene 
was  refluxed  for  5  hours.  The  mixture  was  filtered  and  the 
filtrate  treated  with  trimethyiamine.  The  resulting  mixture 
was  also  filtered,  and  the  solvent  was  removed.  Recrystallizatipn 
are  23  percent  )(  -methylbutylcarborane  as  identified  by  its 
mass  spectrum. 

Phenvlcarborane  (VlJll.  Three  grams  Of  phenylacetylene  and  I  g. 
bis ( acetonitrile )dec^Qrane  in  50  ml.  benzene  was  refluxed  for 
two  hours.  After  cooling  and  filtering,  the  filtrate  was  treated 
with  trimethyiamine  and  the  resulting  mixture  was  also  filtered. 

On  evaporation  of  the  filtrate  and  recrystallizatipn  of  the 
residue  from  pentane,  phenylcarborane  was  obtained  in  27  percent 
yield. 


Anal.:  Cale'd.  for  ^  49. 2j  C,  43,6;  H,  7.3 

%  B,  48.7;  C,  44.4;  H,  7.9 

i3=Kthvlcyborane  (XI).  The  preparation  of  B-ethylcarborane 
from  monoethyldecaborane  containing  two  isomers  was  conducted 
In  at  least  twenty  different  manners.  In  all  cases  the  product 
varied  only  in  the  ratio  of  the  isomeric  B=ethylcarboranes 
obtained.  This  could  be  ascertained  through  infrared  and  mass 
spectrometric  analysis  and  was  reflected  in  slight  differences 
in  refractive  index.  In  general,  di»n=butylether  was  found  to 
be  the  best  solvent  for  this  reaction  and  di=n-propyl  sulfide, 
di*n=butyl  sulfide  and  n=butyl  methyl  sulfide  were  the  desired 
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Lewis  bases.  With  these  inaterlals,  yields  ranged  from  70-83 
percent .  A  typiGal  experiment  giving  77  perdent  yield  is 
desdr'ibed . 

A  solution  of  loo  g.  of  ethyldedaborane  in  84.4  g.  n-butyl 
methylsulf ide  in  114*7  g*  di-n-butyl  ether  Is  placed  in  a  l-llter 
3-necked  flask  equipped  with  a  high  speed*  turhine-drive  stirrer 
(5o00  rip.m,),  water-cooled  condenser  and  sintered  glass,  gas 
delivery  tube  reaGhing  to  near  bottom  of  the  flask*  An  Oil 
bath  is  provided*  The  stirred  mixture  is  slowly  heated  to  110“c 
and  acetylene,  purified  as  in  the  preparation  of  X,  is  admitted 
at  a  rate  of  90  cc* /minute  for  8  hours,  initially,  the  reaGtion 
foams  Vigorously  but  after  2-3  hours  subsides  as  the  color 
Ghanges  from  light  yellow  to  burnt  orange* 

The  mixture  is  Gooled  and  the  volatile  materials  are  removed 
under  reduced  pressure.  The  residue  is  transferred  to  a  2S0-ml, 
flask,  and,  using  a  modified  Glaisen-type  stilihead  having  a  cold 
finger  condenser  and  liquid  fractionating  take-off,  is  distilled 
under  reduced  pressure*  Distillation  is  allowed  to  proceed 
until  the  Overhead  temperature  has  risen  from  7o°c/o*3  mm.  to 
110°c/2.5  imii.  The  distillation  is  stopped  to  avoid  decomposition 
of  the  sulfur-containing  residue.  The  pot  temperature  is  not 
allowed  to  go  above  ISO^C.  Redistillation  gives  89*1  g.  product 
distilling  at  70°e/0.3  nun.  (i.e.  n^^^  1.5375)  while  the  bath 
temperature  is  maintained  below  170°C, 

By  infrared  and  mass  spectral  analysis  the  product  is 
identified  as  a  mixture  pf  two  isomers  of  D-ethylcarborane. 

Anal.:  Cale'd.  for  %  B,  62.8 

Found:  %  B,  62.7,  62.8 

Separation  of  the  two  isomers  is  partially  achieved  by  careful 
fractionation. 


b roinometj^VlG5Eb.Qg,nnfe  (Xlil ^  A  solution  of  10  g.  (0.082  mole) 
of  deoatoorane,  4  ml.  (0.037  mole)  of  ethyl  sulfide  and  40  ml. 
of  di^fi'^prOpyl  ether  was  refluxed  for  one^half  hour.  The  mixture 
was  cooled  to  70®C  and  lO  g.  (0.083  mole)  of  propargyl  hrOmide 
was  added  slowly.  Hydrogen  was  evolved  and  the  temperature  rose 
to  85 °G.  The  addition  took  about  one  hour.  The  mixture  was 
then  refluxed  for  3  hours  and  allowed  to  stand  ovetnight*  The 
ether  was  removed  Under  reduced  pressure,  and  the  product  distilled 
at  80^85^0/0.6  mm.  The  yield  was  13.9  g.  (69.5  perGent)  Of  a 
clear  liquid  which  readily  solidified  On  Standing.  ReGrystalllzation 
from  pentane  gave  a  white  crystalline  product  which  was  identified 
hy  Its  mass  SpeGtrum. 

Methyl  GarhoraneCarhOXvlate  (Xlli) .  Four  and  One'^^tenth  grains 
(0,02  mole)  his(acetonitrile)decaborane  and  an  equimolar  quantity 
Of  methylpropiolate  were  refluxed  in  50  ml.  of  benzene  for  four 
hours.  After  filtering*  the  soivent  was  removed  from  the 
filtrate  and  the  resulting  semi^solid  was  transferred  to  a  soxhlet 
apparatus  and  extracted  with  pentane.  A  white  solid  is  recovered 
from  the  extract  and  after  recrystallization  from  pentane^ether 
melted  at  7 3*^0.  Methyl  carhoranecarhoxylate  Identified  through 
its  mass  and  Infrared  spectra  was  recovered  in  3$  percent  yield. 

bis^Ghloremethylearborane  (Xiy) .  Ten  grams  decaborane,  11.  g. 
l,4=diehlQrobutyne^2,  3  ml.  diethyl  sulfide  and  40  ml.  ethyl 
ether  were  placed  in  a  250  ml.  autoclave  and  heated  at  90°e  for 
8  hours.  The  maxlmvun  pressure  was  320  psig.  After  cooling*  the 
contents  of  the  autoclave  were  removed*  and  the  ether  was  evaporated. 
The  residue  was  dissolved  in  pentane,  filtered  and  the  filtrate 
cooled  in  a  dry- ice  bath.  The  precipitated  crystals  were  removed 
and  recrystallized  from  pentane  giving  14,5  g.  (74  percent)  of 
bls-ehloromethylcarborane  which  was  identified  by  its  mass  and 
infrared  spectra. 
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A&efeQxvTOefehv_lcagk6£aHe__^(X^^  fws  grams  (0.0164  mole)  of  deealaOgane 
was  dissolved  in  15  ml.  Of  benzene,  and  to  It  was  added  an  equi¬ 
molar  quantity  of  aGetonitrile  and  2.1  g.  (0.021  mole)  of 
propargyl  aGetate.  nie  mixture  was  refluxed  for  48  hours;  gas 
evolution  was  vigorous  at  first,  but  later  subsided.  1%e  result¬ 
ing  yellow  solution  was  treated  with  trimethylamine  to  preGipltate 
any  excess  deoaborane.  The  solution  was  Gonoentrated  and  the 
residue  was  distilled  at  82-84°c/0.2  mm.  giving  2.9  g.  (83  perGent) 
of  a  liquid  whiGh  Grystaliized  to  a  white  solid  on  standing.  The 
material  was  Identified  by  mass  speGtrometrle  and  infrared 
analysis  as  aGetoxymethylGarborane. 

G-6romo-G * -n-propvlGarbqrane^ (30/11 .  A  solution  of  14.7  g.  l-bromo- 
1-pent^e,  11.0  g.  deGaborane,  35  ml.,  1,4-dloxane  and  7  ml.  diethyl 
sulfide  was  heated  at  70-80‘’G  for  1  hour  in  a  200-ffil.,  round-bottom 
flask  and  then  refluxed  for  two  hours,  when  no  more  hydrogen  was 
evolved,  the  dloxane  was  removed  under  reduced  pressure.  The 
residue  was  distilled  in  vacuo,  colleetlng  the  fraction  Which 
distilled  at  99-ioo^G/l.o  imn.  GAyrioN t  Toward  the  end  of  this 
distillation  the  temperature  win  begin  to  rise  noticeably. 

Remove  the  heat  at  this  point  or  the  residue  will  suddenly 
decompose  Causing  rupture  Of  the  apparatus  and  consequent  flreS  The 
product  was  redistilled  giving  25.0  g,  (66  percent)  Of  clear 
liquid  which  solidified  on  standing,  it  was  Identified  by  its 
mass  spectrum, 

c-^Bromo-c '  -n-butvlearborame  (XVII  )^.  This  was  prepared  in  37 
percent  yield  by  the  method  given  prevlouBly  for  XVI,  The 
product  was  a  liquid  distilling  at  85»90°C/0.5  mm.  The  same 
precautions  are  advised  in  purifying  this  as  were  stated  for  the 
preparation  of  the  n-propyl  homolog. 
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e-Acetoxyethvlcarborane  (XVI II) .  A  solution  of  4.0  g.  (0.0327 
itiole)  of  dOcaibOfane,  4.5  g.  (0.0402  mole)  3-butny-l-yl  acetate 
and  1.5  g.  (0.037  mole)  aGetOhltfile  in  30  ml.  benzene  was 
refluxed  for  103  hours.  The  solvent  was  removed  and  5.17  g. 

(71.7  percent)  of  liquid  which  solidifies  to  a  white  solid 
distilled  at  108— 118®0/0. 3  imn.  Mass  spectrometrlc  and  infrared 
analysis  showed  it  to  be  essentially  pure  $-acetoxyethylcarborane. 

Anal.:  ealc‘d.  for:  3l.2;  H,  7.88 

pound:  %Ci  32.1,  31.7;  H,  7.9*  8.4 

^-AeetoxvethvlcarbQrane-Jxlx) .  A  solution  of  4.0  g.  (0.0327 
mole)  of  decaborane,  4.5  g.  (0.0402  mole)  of  3-butyn-2-yl 
acetate  and  1.5  g.  (0.0366  mole)  of  acetonitrile  in  30  ml. 
benzene  was  refluxed  for  95  hours.  The  benzene  was  removed  and 
the  residue  was  distilled  at  85-95®e/o.i5-0.2  m,  to  recover 
4.75  g.  (65.7  percent)  of  a  slightly  yellow  li^id  1.5291. 

Mass  spectrometric  and  infrared  examination  indicated  it  to  be 
essentially  pure  o^-acetoxyethylcarborane. 

Anal.:  calc’d.  for*  ®io^6^l8°2‘ 

Pound*  %C,  33,0;  H,  7.81 

N.NTDiinethylamlnOraethylcarborane  (XX) .  A  solution  of  6,1  g. 
decaborane  and  5,5  g,  N,N-diethylamino-2!^PFopyne  in  50  ml, 
benzene  was  refluxed  for  7.5  hours.  After  cooling,  the  mixture 
was  filtered  and  the  filtrate  was  extracted  with  dilute  hydro¬ 
chloric  acid.  The  acid  was  neutralized  *md  the  amine  which  is 
released  was  recovered  in  ether,  isolation  and  recrystallliatlon 
from  pentane  gives  a  waxy,  white  solid. 

Anal,*  calc'd,  for* 

%  B,  47,15;  C,  36.64;  H,  10. 1;  N,  6.11 
%  B,  45.8;  C,  37.1;  H,  9.8;  N,  6.4 
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b i s ( Ace toxvme th V le a rbor afte )  (XXI).  A  mixture  of  5  g.  (0.041 

mole)  of  deoaborane,  8  g.  (0.047  mole)  of  butyudlyl-l,4-dlacetate 
and  2  ml.  (0.0186  mole)  dletbylsulfide  in  40'  ml.  of  diethyl 
ether  was  plaGed  In  a  250  ml.  autoclave  and  heated  at  llO^G  for 
4.5  hours.  The  mixture  was  cooled  and  ether  removed. 

The  residue  was  dissolved  In  about  200  ml.  of  pentane,  filtered 
and  the  filtrate  was  cooled  in  a  dry* ice-acetone  bath.  The 
cooled  solution  was  filtered  to  recover  10.5  g.  of  material  which 
melted  near  room  temperature.  Several  recrystalllzations  from 
pentane  gave  a  white  solid  (m.p.  43*44°c)  identified  by  mass 
spectrometric  and  infrared  analysis  as  the  desired  compound. 

Dimethyl  Garboranedicarboxvlate  ^(^ii) .  A  mixture  of  18.0  g. 
bis  (acetonltriie)dec^orane,  15  g.  dimethyl  acetylenedicarboxylate 
and  50  ml.  toluene  was  refluxed  for  22  hours.  The  toluene  was 
removed  under  reduced  pressure  and  the  residue  was  treated  with 
pentane  to  extract  the  product.  Recrystallizatlon  from  pentane 
gave  12.5  g.  (53.6%)  of  dimethyl  carboranedicarboxyiate.  Mass 
spectral  and  infrared  examination  established  the  identity  of 
the  product. 
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IKirhnin,  North  Carolina 

Attn:  Scientific  Syntheei*  Of floe  (i) 

Drookhaven  National  Laboratory 
Cbcmlutry  Department 

Upton,  New  YOrk  (l) 

Atomic  Energy  Commlaelon 
Dlvlolon  of  Neeearch 
Chcmiotry  Pfogramo 

Waohlngtoa  25,  D.  C.  (l.) 

Atomic  Energy  CommlBelon 

Divlfllon  of  Technical  Infomation  IMenalon 

Post  Office  Box  62 

Oi^  Bldge,  Tenneesee  (1) 

U.S.  Army  Chemical  Besearch  and 
Dovolopinent  Laboratories 
ToGhnlcol  Library 

Army  Chemical  Center,  Meuryland  (l) 

Office  of  Technical  Berrloos 

Pepnrtmcnt  Of  Commerce 

Wnohlngton  25,  D«  C,  (1) 

Dr.  P.  A.  Miller 

Office  of  Naval  Rea.  Br.  Off. 

1000  Coai’y  Street 

San  Francisco  9,  Calif.  (1) 

Dr.  C.  Haber 

Naval  Ordnance  Laboratory 

Corona,  California  (1) 

Dr.  Porter  V/.  Erickson 

Chemistry  Research  Department 

Non^Hotallic  Miterlals  Olvlsipn 

Naval  Ordnance  laboratory 

Willie  Oak,  Karyland  (1) 


WO,  COPIES 

Dr.  Albert  Ughtbody 

Naval  Ordnance  Laboratory 

White  Oak,  Maryland  (1) 

Commanding  Officer  and  Director 
U.  S.  Naval  Civil  Engineering  lab. 

Port  Huonemo,  California 

Attn  I  Chemlotry  Divialen  (1) 

Dr.  A.  L.  Powell 

Office  of  Naval  Research  Branch  Of floe 
495  Summer  Street 

Boston  10,  Mass.  (X) 

Aefonautical  ^sterns  Division 
ASRCNP 

Wright-Pattorson  Air  FoPoe  Bass 
Ohio  (1) 

Dr.  H.  C.  Clark 
Department  of  Chemistry 
University  of  ^itish  Colunbia 
Vancouver,  British  Oplumbia^ ^n&da  (l) 

Dr.  E.  G.  Rochow 

Department  of  Chemistry 

Harvard  Univorsity 

Cambridge  38,  Mass.  (1) 

Pr*  John  E.  Leffler 
Department  of  Chemistry 
Florida  state  University 
Tallahaesee,  Fla.  (X) 

Dr.  William  N.  Lipscomb 
Department  of  Chemistry 
Harvard  University 
Cambridge,  Kass.  (1) 

Dr.  T.  D.  rarsons 

Department  of  Chemistry 

OrRgon  state  ColJogo 

Corvallis,  Oregon  (1) 
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UR  NO. 


qaTr  ^  SFlQ  t9<>2 


HO.  (U)PIf» 


uoPim 


Or.  L.  F.  Rahin 
Prtncoton  tinivtiraity 
Princeton  Plastlca  laboratory 
Prlikcoion.,  New  jeraoy 


Or.  A.  V,  Tobolaky 
Deparimont  of  Chemlatry 
Princeton  Unlveralty 

PrineetOnj  New  Jeraey  (1) 

Dr*  R.  S.  Stain 
Department  Of  Chemlatry 
Unlveralty  Of  Maaaoehuaottt 
Amherati  Maaaachuaatta  (1) 

Or.  S.  Young  lyrea«  Jr. 

Dopartnent  of  Chemlatry 

unlveralty  of  North  Caroiliia 

Chapel  Hill*  North  Carolina  (1) 

Or.  J.  C.  Ballar.  Jr* 

Department  of  Chemlatry 

UnlvOrelty  of  lllliiola 

Urbana.  llllnoia  (2) 

Dr.  L.  F.  Audrleth 

Department  Of  Chemlatry 

Univeraity  of  Illinoia 

Urbana.  llllnoia  (2) 

Dr.  A.  B.  Burg 
Dcpartinent  of  Chei^atry 
Unlyoralty  of  Soutliarn  Californlll 
Lpa  Angeloa  7.  Calif*  (2) 

Dr.  Riley  Sehsaffar 
Dopartment  of  Chemlatry 
Indiana  Unlvaraliy 

Oloomlngtpn.  Indiana  (1) 

Dr.  T*  C*  fox.  Jr«f  Dlroot^of  Reioarch 
Hollon  Inatltute 
1100  fifth  Avanua 

Pltiaburgh  13$  Fannaylvinla  (1) 


Aircraft  Induetrlea  AaaoolatlOa 
7660  Deverly  Boulevard 
Lob  Angelee  36.  Calif. 

Attnt  Mr.  H.  D.  MOran  (10) 

Ainorlean  Potash  it  Ghem.  Carp* 

201  W.  Uaehlngton  Blvd. 

Whittier.  California 

Attnt  Or.  W*  S*  EneraOn  (2) 

U.  S.  Borax  Reaaareh  Gorp* 

Attnt  Dr.  Carl  Randolph 
Anaheiin.  California  (a) 

General  Eleetrlo  Gompaniy 

Research  laboratory 

P.  0.  Box  loss 

Schoneetady.  New  Yoric 

Attnt  Dr.  j»  R.  Elliot  (2) 

Or.  P.  D.  Ooorgo 
General  fUactrlO  Coaqpailiy 
General  ingineerliig  Inb. 

Schenectady.  New  Yorii  (2) 

Dr.  Hana  B.  Jonaaaan 
Dopartment  of  Chemlatry 
TUlane  Univeraity 

New  Orleana  15.  Lpuialainji  (l) 

pr.  Henry  Taube 
Departsient  of  Chemlatry 
Stanford  Ibiiyaraity 
Staitford.  Calif.  (1) 

Plaatioa  taohnieal  Svaluation  Cantar 
pioatlnny  Araanal 

Doyar.  N.  j*  (1) 

Dr.  0.  Barth»Wahranalpf  Olreoter 
Inorganic  Reaearch  bapartaiefit 
Pennsalt  Chemieaia  Corporation 
Box  A36S 

Phlladolphia  16.  Penna.  (2) 
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COiVmot  MWfflfW  Wonr  >395(00) 


Po«a  4 
HR  NO. 


NO  .  COPIliia 


Uft  M.  M.  Chaniborlftln 
Oepariment  of  Chcmlatrjr 
V/ootorn  Hoaarva  Uhlvariltjr 
Oiovelandj  Ohio 

Ul*.  0.  C.  Bfadiajr 
departmont  of  OhcMlatrif 
Univaraliy  of  Waatarn  Ottiarlo 
Iiondon.  Canada 

Ui*.  T.  P.  Onak 
Popartinent  of  Chaalatiy 
Loa  Anceloa  State  Collasa 
Loa  Angaiea,  California 

l)r^  Mil  J»  S.  Denar 
Departmont  of  ChOBlitrjr 
Univaraliy  Of  OhloaRO 
Chloago#  lEillnOla 

Dr.  M.  8.  Cohen 
Ihiokol  CheiM-cal  Corporation 
Roaoilon  Hotora  oiTlalon 
PenvllJLef  New  Jareoy 

I'nopdotor  of  Naval  HatOrlal 
101  Middle  Street 
Drldeeport  3,  Conn. 

Or.  Georee  P.  Huff,  viea  PTaoldani 
Retidarch  and  Oevelopneiit 
Caiiery  Cheii^oal  Coa^aior 
Caliery,  Penn. 

Dr.  Joyce  J.  Kaufinan 
RIAS 

7212  DellOna  Avenue 
D-iltljnope  12,  Maryland 

Dr.  Arthur  FLneh 
Royal  Holloway  Collage 
Uiityoraity  of  London 
inndoiii  island 


NO.  COPitM 

Dr.  D.  A.  Drown 

Department  of  Cheinlatry 

Unlveralty  College 

Upper  Merrlon  Street 

Dublin,  Ireland  (1) 

Dr.  Albert  Cotton 
Dopartinont  of  Ohenliti^ 

Maaoeehuaetta  Xnitltitta  of  IRohiiOlOfiy 
Canbrldge  39t  Haas.  (l) 

Dr.  Robert  R.  Rolaaa 
Departaiont  of  Cheodatry 
Camogla  Inailtuta  Of  TaoRiiolagy 
Plttaburgh  13«  Penn.  (1) 

Prof.  L.  A.  Blgaloir 
Departmont  of  ^onlstlNr 
Duke  Unlveralty 

Durham,  N.  0.  (1) 

Dr.  William  7*  Hiller 

Department  of  (Rtemlatiy 

Cornell  Ualveralty 

Ithaoa,  New  Xoric  (1) 

^f.  Jaok  Idno 
Department  of  Ohemletvy 
Oeorgla  Inatltuta  of  yaaiMology 
Atluita  3,  CeorglA 

irof.  Herbert  0.  Browii 
Department  of  Chemia  t^ 

P^ue  Univerai^ 

Lafayette*  Indlaam  (1) 

Dr.  Phillip  S.  Skell 
Department  of  Chenletiy 
Peunaylvanla  State  Dhiverfily 
Uhlveralty  Park,  Peim.  (1) 


Dr*  B.  D*  POat 
Polyteeittilo  Inatltuta  of 
Brooklyn  1*  New  toric 
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NO.  COPIES 


Ur.  K.  T.  Holzaann 

Advanced  Research  Projeota  Agency 

Washington  25«  0.  C.  (1) 

Coaimander 

Ordnance  Corps 

Rock  Island  Arsenal 

Rock  Island f  Illinois 

Attn:  ORDBO  6320-2X0  (1) 

New  York  NaVal  Shipyard 
Material  Laboratory 
Firooklyn  1,  New  York 
Attn:  Mr.  B.  D.  Simms  (1) 


Burean  o£  St)tps» 
bepartment  of  tbe  Navy 
Wasblngton  25,  0.  G. 

Code  660L 

Attn:  Mr.  E.  J.  Hryoklewlq*  (1) 

Dr.  M,  F.  Hawthorne 
Department  Of  Chemistry 
University  of  callfomla.  Riverside 
Riverside,  California  (1) 

Dr.  Roald  Hoffman 

Department  of  chemistry 

Harvard  University 

Cambridge,  Massachusetts  (1) 


Mr.  d.  A.  Kies 
Code  6210 

Naval  Research  Laboratory 
Washington  25,  d,  c.  (l) 


Mr.  E.  J.  Kohn 
code  6110 

Naval  Research  Laboratory 
Washington  25,  D.  c.  (1) 


Dr.  R.  B.  FOX 

(1) 

Mr.  J.  E.  Cowling 

(1) 

Dr.  A.  L.  Alexander 

(1) 

Dr.  D.  L.  venezky 

(1) 

Code  6120 

Naval  Research  Laboratory 
Washington  25,  b.  C. 

Dr.  0.  Williams 

National  Science  Foundation 

Washington  25,  d.  c.  (1) 

Monsanto  Researeh  corporation 
1515  Nleholas  Road 
Dayton,  Ohio 

Attn:  Librarian  (i) 

Monseuito  Research  Corporation 
Everett  station 
Boston  49,  Massachusetts 
Attn :  Librarian 


The  bow  Chemical  Gompany 
ARPA  Laboratory 
1710  Building 

Midland,  Michigan  (1) 

Naval  Qr^ance  Test  station 
China  Lake,  California 
Attn:  Code  4544  (Dr.  Kaufman)  (1) 
Code  5552  (Mr.  S.  H.  Herzog) 

(Mr.  R*J.  Landry)  (1) 


